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MESSAGE FROM THE DISTRICT CHIEF

Because California’s population has grown and become more diverse during the last few decades,
sharing of the State’s water resources has become more complex. The ongoing drought emphasizes the
limitations of our water resources. Equitable and effective sharing of the State’s water resources can be
accomplished only through informed water management. We at the California District of the U.S.
Geological Survey are committed to conducting systematic and scientific studies and collecting hydrologic
data that will provide information relevant to water-resource-sharing issues throughout the State. This
report summarizes ongoing research, investigation, and data-collection activities.

Research, investigation, and data collection in southern California are focused to a large extent
on the supply and quality of ground water. Critical issues and information needs are related to the effects
of ground-water pumpage. Land subsidence, fissures, and potholes at Edwards Air Force Base and
seawater intrusion in coastal aquifers in Ventura County are examples of negative effects caused by
ground-water pumpage. Two ongoing projects in the Edwards Air Force Base and Ventura County areas
are focused on understanding, quantifying, and evaluating options for mitigating the negative effects of
ground-water pumpage.

Ground-water quality is another issue of concemn in the southern part of the State where high
concentrations of nitrate, organic contaminants, and trace elements affect the usability of ground water.
Survey thrust programs, the National Water Quality Assessment program in the San Joaquin Valley, and
the Regional Aquifer Systems Analysis of southem Califomia coastal and desert basins are directed
towards an understanding of hydrologic and geochemical processes that affect ground-water quality. Three
projects being done in cooperation with State and local agencies--"Interaction of ground-water flow at
different scales in the western San Joaquin Valley," "Nitrate in the Hemet subbasin,” and "Processes
governing the distribution of selenium and arsenic in the Tulare Basin"--address the processes that affect
the distribution of trace elements and nitrate in ground water.

In northern Califoria, the Sacramento-San Joaquin Delta is the focus of two critical issues of
concem: (1) possible alteration of flow pattemns in the delta and San Francisco Bay due to delivery of
water to southern California and (2) water-quality changes of the bay/delta system due to contamination
by agricultural, industrial, and municipal inputs into the system, and the effects of this bay/delta water on
aquatic life and municipal users. The combined efforts of the cooperative project "Estimating tidal and
residual circulation in San Francisco Bay" and the U.S. Geological Survey funded "San Francisco Bay-
Estuary toxic contaminants study" are focused on understanding the processes that affect the flow of water
and concentration of organic contaminants in the bay/delta system.

Because of the multifaceted nature of the bay/delta problem and other water-related problems
throughout the State, the approach of many of the studies described in the report is interdisciplinary and
requires (1) the participation of well-trained professionals willing to interact and learn from each other’s
fields and (2) that the search for solutions takes precedence over traditional disciplinary boundaries. The
interdisciplinary data-collection, investigative, and research efforts of the California District, summarized
in this report, provide information to the public, policymakers, and water-resource managers.

Steven J. Deverel
Assistant District Chief, Northern California
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U.S. GEOLOGICAL SURVEY ORIGIN

The U.S. Geological Survey (USGS) was established by an act of Congress on March 3, 1879,
to provide a permanent Federal agency to conduct the systematic and scientific "classification of the public
lands, and examination of the geological structure, mineral resources, and products of national domain.”
An integral part of that original mission includes publishing and disseminating the earth-science informa-
tion needed to understand, to plan the use of, and to manage the Nation’s energy, land, mineral, and water
resources.

Since 1879, the research and factfinding role of the USGS has grown and been modified to meet
the changing needs of the Nation. As part of that evolution, the USGS has become the Federal
Govermment’s most comprehensive earth-science research agency, the Nation’s largest civilian mapmaking
agency, the primary source of data on the Nation’s surface- and ground-water resources, and the employer
of the largest number of professional earth scientists. Today’s programs serve a diversity of needs and
users. Programs include:

« Assessing the energy and mineral potential of the Nation’s land and offshore areas.

» Geologic risk assessment, including issuing warnings of earthquakes, volcanic eruptions, landslides,
and other geologic and hydrologic hazards.

e Conducting research on the tectonics of the Earth.

+ Studying the geologic features, structure, processes, and history of the other planets of our solar
system.

» Conducting topographic surveys and preparing topographic and thematic maps and related cartographic
products.

» Developing and producing digital cartographic data bases and products.

» Collecting data on a routine basis to determine the quantity, quality, and use of surface and ground
water.

» Conducting water-resource appraisals in order to describe the consequences of alternative plans for
developing land and water resources.

+ Conducting research in ground- and surface-water hydrology and hydraulics and coordinating water-
data acquisition with other Federal agencies.

« Using remotely sensed data to develop new cartographic, geologic, and hydrologic research techniques
for natural-resources planning and management.

« Providing earth-science information through an extensive publications program and a network of
public-access points.

Along with its continuing commitment to meet the growing and changing earth-science needs of
the Nation, the USGS remains dedicated to its original mission to collect, analyze, interpret, publish, and
disseminate information about the natural resources of the Nation--providing "Earth science in the public
service."

Origin 1



WATER RESOURCES DIVISION BASIC MISSION AND PROGRAM

The mission of the Water Resources Division (WRD) is to provide the hydrologic information and
understanding needed for the optimum use and management of the Nation’s water resources. To
accomplish this mission, the WRD, in cooperation with local, State, and Federal agencies, uses a wide
variety of techniques to collect and interpret hydrologic information and to transfer that information to the
water-user community. An integral part of that mission includes publishing and disseminating the
earth-science information needed to understand, plan the use :of, and manage the Nation’s energy, land,
mineral, and water resources.

This is accomplished, in large part, through cooperation with other Federal and non-Federal agencies, by:

» Systematically collecting data needed for evaluating the quantity, quality, and use of the Nation’s
water resources.

» Conducting analytical and interpretive water-resources appraisals of the occurrence, availability, and
physical, chemical, and biological characteristics of surface and ground water.

» Conducting basic and applied research in hydraulics, hydrology, and water chemistry, solute transport,
and hydraulic modeling to improve the scientific basis for investigations and measurement techniques
and to understand hydrologic systems sufficiently well to quantitatively predict their response to stress,
either natural or manmade.

» Disseminating the water data and the results of these investigations and research through reports, maps,
computerized information services, and other forms of public releases.

» Coordinating with other Federal agencies in the acquisition of water data for streams, lakes, reservoirs,
estuaries, and ground water.

« Providing scientific and technical assistance in hydrology fields to other Federal, State, and local
agencies, 10 licensees of the Federal Energy Regulatory C mm1ss:on and to International agencies on
behalf of the Department of State.

CALIFORNIA DISTRICT ORGANIZATION

The headquarters for the California District is in Sacramento. Hydrologic investigations and data
collection are conducted from 2 project offices and 10 field offices. These offices and supporting units
of the District are shown in the organization chart (fig. 1).

1

2 Activities of the Water Resources Division, California District, Fiscal Year 1991
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Figure 1. Organization chart for the California District, 1991.
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i
CALIFORNIA DISTRICT ADDRESSES “
Inquiries regarding projects described in this rep&m may be directed to the District Office.
Addresses for the offices of the District Chief and Assistant District Chief and field offices are listed
below. Location of offices are shown in figure 2.

DISTRICT CHIEF (916) 978-4633 U.S. Geological Survey
2800 Cottage Way, Rm W-2233
Sacramento, CA 95825
ASSISTANT DISTRICT CHIEFS

Sacramento (916) 978-4648 | 2800 Cottage Way, Rm W-2233
| Sacramento, CA 95825
San Diego (619) 557-6700 ‘ 5735 Keamny Villa Road,
Suite O

San Diego, CA 92123
FIELD OFFICES

Bakersfield (805) 861-4347 3131 Pegasus Drive
Bakersfield, CA 93308
Eureka (707) 443-2028 1105 6th Street
Eureka, CA 95501
Loma Linda Office closed May 1992
Merced (209) 383-9067 1547 Yosemite Parkway
‘ Merced, CA 95340
Redding (916) 246-5282 11075 Black Marble Way
Redding, CA 96003
Sacramento (916) 978-4658 2800 Cottage Way, Rm W-2233
‘ Sacramento, CA 95825
Salinas (408) 754-6717 | P.O. Box 5027
Salinas, CA 93915
Santa Rosa (707) 576-1740 5 West 9th Street, #2
Santa Rosa, CA 95401
Santee (619) 557-5155 10130 Mission Gorge Road
Santee, CA 92071
Tahoe City (916) 583-4823 605 Westlake Boulevard

Tahoe City, CA 95730

4 Aclivities of the Water Resources Division, California District, Fiscal Year 1991
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CALIFORNIA DISTRICT FUNDING

Programs of the Water Resources Division in California are funded as follows: (1) the Federal
program, which is specifically identified in annual Geological Survey appropriations made by Congress;
(2) the Federal-State cooperative program, where the Water Resources Division represents national interest,
the cooperating agencies represent State and local interest, and the funding generally is shared equally (the
Federal share comes from direct Congressional appropriations); and (3) the Other-Federal-Agencies (OFA)
Program, which is funded by Federal agencies. Total funds and sources of funding for fiscal year 1991
are shown in figure 3. [The fiscal year (FY) is from October 1 to September 30 and is designated by the
calendar year in which it ends.]

The percentages for investigations, by funding, for fiscal year 1991 in each of the broad categories
of hydrologic-data collection, areal appraisals and interpretive studies, and research projects are shown in
figure 4.

In fiscal year 1991, State, local, and Federal agencies contributed funds or services or both in
cooperative programs with the California District. Organizations that assisted the Survey through

cooperative agreement are

State Agencies

California Department of Boating and
Waterways
California Department of Food and Agriculture
California Department of Parks and Recreation
California Department of Transportation
California Department of Water Resources
California Statc Water Resources Control Board
California Regional Water Quality Control
Board
Central Valley Region
Lahontan Region

Local Agencies

Alameda County Flood Control and Water
Conservation District

Alameda County Water District

Antelope Valley-East Kemn Water Agency

Calaveras County Water District

Carpenteria County Water District

Casitas Municipal Water District

Coachella Valley Water District

Contra Costa County Flood Control and Water
Conservation District

Crestline-Lake Arrowhead Water Agency

Desert Water Agency

East Bay Municipal Utility District

Eastern Municipal Water District

East Valley Water District

Five Bears Hydroelectric

Fox Canyon Groundwater Management Agency

Georgetown Divide Public Utility District

Humboldt Bay Municipal Water District

Imperial County Department of Public Works

Local Agencies--Continued

Imperial Irrigation District

Independent Hydro Developers

Indian Wells Valley Water District

Los Angeles County Department of Public
Works

Madera Irrigation District

Marin Municipal Water District

Mendocino County Water Agency

Merced, city of

Merced Irrigation District

Mojave Water Agency

Mono County

Montecito Water District

Monterey County Water Resources Agency

Monterey Peninsula Water Management District

Nelson Creek Power Company

Nevada Irrigation District

North Kern Water Storage District

Oakdale-South San Joaquin Irrigation District

Olcese Water District

Orange County Water District

Oroville-Wyandotte Irrigation District

Pacific Gas & Electric Company

PacificCorp

Pala Band of Mission Indians

Palo Alto, city of

Panoche Water and Drainage District

Pechanga Indian Reservation

Placer County Water Agency

Rancho California Water District

Riverside County Flood Control and Water

Conservation District

Rock Creck Limited Partnership

Sacramento Municipal Utility District

Sacramento County Regional Sanitation District

6 Activities of the Water Resources Division, California District, Fiscal Year 1991



Local Agencies--Continued
San Benito County Water District

San Bemnardino County Flood Control District

San Bernardino Valley Municipal Water District

San Diego, city of

San Diego County Department of Public Works

San Francisco, city and county of,
Hetch Hetchy Water and Power

San Francisco Water Department

San Luis Obispo County Engineering
Department

San Mateo County

Santa Barbara, city of

Santa Barbara County Flood Control and Water
Conservation District

Santa Barbara County Water Agency

Santa Clara Valley Water District

Santa Cruz, city of

Santa Cruz County Flood Control and Water
Conservation District

Santa Maria Valley Water Conservation District

Santa Ynez River Water Conservation District

Scotts Valley Water District

Sonoma County Planning Department

Sonoma County Water Agency

South Sutter Water District

Southemn California Edison Company

STS Hydropower Ltd.

Synergics, Inc.

Tahoe Regional Planning Agency

Tulare County Flood Control District

Tuolumne County

Turlock Irrigation District

United Water Conservation District

Local Agencies--Continued

Ventura County Public Works Agency

Woodbridge Irrigation District

Yolo County Flood Control and Water
Conservation District

Yuba County Water Agency

Federal Agencies

U.S. Department of Agriculture
Forest Service

U.S. Department of the Air Force
Edwards Air Force Base
Vandenberg Air Force Base

U.S. Department of the Army
Corps of Engineers
Los Angeles District
Sacramento District
San Francisco District

U.S. Department of the Interior
Bureau of Indian Affairs
Bureau of Reclamation
National Park Service

U.S. Environmental Protection Agency

U.S. Navy
Marine Corps Air Ground Combat Center,
Twentynine Palms
Marine Corps Base, Camp Pendleton
Naval Air Station, Point Mugu

Californla District Organlzation 7



State and Local Funds
Federal-State Cooperative Program

Other Federal Agencies

Geological Survey

Federal Program Geological Survey Funds

Federal-State Cooperative Program

FY 1991
TOTAL $15,310,046

Figure 3. Sources of California District funds in fiscal year 1991.
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Figure 4. Categories of investigations in the California District, by funding, fiscal year 1991,
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WATER CONDITIONS

At the end of the 1991 water year, the accumulated effects of S consecutive years of drought in
California include below average streamflow in most of the hydrologic regions of the State, below average
storage in the State’s reservoirs, and declining ground-water levels in the State’s aquifers caused by an
increase in ground-water pumping to supplement reduced surface-water supplies.

Although 1987 marks the beginning of the current period of drought, water-supply problems were
minimal in 1987 because of the surface-water in storage from 1986 and earlier years. The most serious
problems in 1987 affected the wetlands and nonirrigated agriculture. During 1988 and the first half of
1989, water shortages affected about one-third of the State’s population and more than 40 percent of
irrigated agriculture. Water-supply problems were especially difficult in areas where ground-water
reservoirs are small (upland and coastal areas). In 1989, the State Water Project and the Federal Central
Valley Project announced anticipated reductions of water deliveries of as much as 50 percent. Wet
weather in March 1989 brought sufficient precipitation to allow full delivery of agricultural water supplies
and the eventual lifting of drought restrictions in much of the State. However, water restrictions continued
in the central coast region, which does not receive supplies from any of the major water projects.

In 1990, precipitation brought no drought relief, water deliveries were reduced for the second time
in the history of the water projects--the first time was in 1977. The central coast region of the State
continued to be the hardest hit by the drought.

In 1991, water-project deliveries were cut or suspended, agricultural and urban areas instituted a
broad range of conservation measures, and water banking was created to aid in the transfer of water to
areas of need. However, conditions improved significantly (table 1) in the central coast region of the State
as a result of a 2-week series of storms that began on February 28.

The largest water-supply shortages anticipated for 1992 will be to agricultural customers, who will
be affected by the depleted reserves of the large water projects. Fortunately, as a result of the March

storms of 1991 and water conservation, 1991 carryover of surface water did not decline but remained the
same as for the 1990 water year.

Table 1. Summary of water conditions in California, 1991

[From California Department of Water Resources summaries]

Percentage of average

Hydrologic Runoff (water years) Reservoir
region storage
1987 1988 1989 1990 1991 Oct. 1, 1991
North Coast ................ 56 52 76 46 35 48
San FranciscoBay ............ 25 26 45 23 48 84
Central Coast . .............. 19 20 19 9 43 30
SouthCoast ................ 32 40 28 16 58 120
Sacramento Basin ............ 49 49 78 49 45 65
San Joaquin Basin ............ 33 38 60 40 50 57
Tulare Lake Basin ............ 45 42 50 34 56 42
North Lahontan .............. 40 33 78 45 45 17
South Lahontan .............. 70 62 64 54 47 77
Colorado River' . ............. 93 58 41 39 62 -
STATEWIDE ............... 48 48 70 45 43 61

IColorado River inflow to Lake Powell

Water Conditions 9



Monthly streamflow is shown as the sum of six California index stations in figure 5. Monthly
streamflow was well below the median through water years 1990 and 1991 except for March 1991 when
the effects of the late February-early March storms show streamflow at about 10 percent below the me-
dian. The sum of cumulative departure and the monthly percentage of departure from median streamflow
of the six California index stations is shown in figure 6. The effect of the drought is shown in the
cumulative departure curve which shows that streamflow is more than 20 million acre-feet of water below
median, since 1987.

Reservoir storage (table 1) at the end of water year 1991 increased, in part, from 1990, although
not significantly. Total reservoir storage on October 1, 1991, was about 60 percent of average, nearly the
same as at the end of water year 1990. Fluctuations in month-end storage figures summed for six large
reservoirs in the State are compared with the average month-end storage computed through water year
1989 (fig. 7). The sum of storage at the six reservoirs was below average and, for the most part, has been
below average since midsummer 1987. Figure 7 compares month-end storage for water years 1974-78

50,000

MEDIAN FOR

40,000 I~ 1951-80 WATER YEARS

1990 WATER YEAR

1991 WATER YEAR

BN

30,000

20,000

10,000

MONTHLY STREAMFLOW, IN CUBIC FEET PER SECOND

oCT NOV DEC JAN FEB MAR APR MAY JUNE  JULY AUG SEPT

Figure 5. Monthly streamflow for water years 1990 and 1991 compared with median monthly
streamflow, 1951-80, at six Califomnia index stations.

|
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and compares the 2-year drought of 1976-77 to the present drought. Month-end storage for the six reser-
voirs shown in figure 7 was worse during the 1976-77 drought compared with month-end storage for the
current drought, although the 1976-77 drought was shorter in duration and ended with the spring rains of
1978. There are some notable, individual exceptions to the pattern shown in figure 7. In March 1991,
storms moved from west to east in the middle of the State, producing significant rainfall in the lowlands
and snowfall in the high mountains.

If the drought continues into the 1992 water year, carryover storage from 1991 will remain well
below average and ground-water resources will continue to be used. The resulting water-level declines
in aquifers likely will cause continued land subsidence, areas of deterioration in water quality, and the
intrusion of seawater into fresh-water aquifers in coastal areas. The drought will continue to adversely
affect fish and wildlife, wildland resources, water quality, hydroelectric power, recreation, agriculture,
industry, and personal lifestyles throughout California.

20 200

| | |
Percentage of departure
/ g pa

16 -1 160

12 - 120

Cumuiative|departure

FROM MEDIAN STREAMFLOW

CUMULATIVE DEPARTURE FROM MEDIAN STREAMFLOW,
IN MILLIONS OF ACRE-FEET
MONTHLY PERCENTAGE OF DEPARTURE

1984 1985 1986 1987 1988 1989 1990 1991

WATER YEARS

Figure 6. Departure from the sum of total median monthly streamflow at six California index
stations.
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STORAGE, IN MILLIONS OF ACRE-FEET

12

Average month-end storage
through 1989 water year

Month-end storage, -1
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1974 1975 1976 1977 1978
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Figure 7. Total storage, by months, at six large California reservoirs.
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SURFACE-WATER STATIONS

Number: CAO0O1

Location: Statewide (See accompanying map)
Project Chief: Kenneth W. Lee

Period of Project: Continuing

Problem: Surface water accounts for about 60 percent of the freshwater withdrawals in California. About
one-third of California’s population use surface water for domestic supplies. The distribution of surface
water is highly variable both seasonally and areally; close monitoring of runoff is essential to the optimum
management and development of this resource.

Objectives: Collect and publish surface-water data to meet needs for (1) assessing quantity and
distribution of surface-water resources; (2) operating reservoirs for power, flood control, and irrigation;
(3) forecasting flow; (4) monitoring of flow for instream-use requirements; (S) determining discharge to
support water-quality sampling and assessment programs; (6) determining safe releases of treated reclaimed
water to streams and rivers; (7) defining statistical streamflow characteristics needed for research and plan-
ning and design of dams, bridges, culverts, canals, flood-management projects, and ground-water-recharge
facilities.

Approach: Stage and discharge of streams and stage and contents of lakes and reservoirs will be
measured and recorded. Standard methods of data collection will be used as described in the series
"Techniques of Water-Resources Investigations of the U.S. Geological Survey." Partial-record data will
be collected instead of continuous-record data when it serves the required purpose.

Progress: Additional satellite data-collection platforms wer‘e installed and are in operation. Thirty-seven
stations are presently equipped with satellite-relay data in transmitters installed by the U.S. Geological
Survey. Surface-water data for 768 continuous streamflow stations were collected and compiled for
publication. About 200 of these records were provided by other agencies and Federal Energy Regulatory
Commission (FERC) licensees. Data were collected or reviewed from 156 reservoir stations. Data were
collected and compiled for publication of 105 partial-record stream and reservoir sites that provide peak
flow, low flow, seasonal flow, limited range of discharge, or stage information. Data for 1990 were
published in four volumes of the annual data-report series.

Plans for Next Year: Statewide data collection and review will continue. Streamflow data will be
published in the annual data report for water year 1991.

\
Reports: \

Bowers, J.C., Jensen, R.M., and Hoffman, E.B., 1991, Water resources data--California, water year 1990.
Volume 1. Southern Great Basin from Mexican border to Mono Lake basin, and Pacific slope
basins from Tijuana River to Santa Maria River: U.S. Geological Survey Water-Data Report
CA-90-1, 289 p.

Hunter, T.C., Mullen, J.R., and Anderson, S.W., 1991, Water resources data--California, water year 1990.
Volume 3. Southern Central Valley basins and The Great Basin from Walker River to Truckee
River: U.S. Geological Survey Water-Data Report CA-90-3, 402 p.

Mullen, J.R., Shelton, W.F., Markham, K.L., and Anderson, S.W., 1991, Water resources data--Califomnia,
water year 1990. Volume 4. Northern Central Valley basins and The Great Basin from Honey
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GROUND-WATER STATIONS

Number: CAO002

Location: Statewide (See accompanying map)
Project Chief: Charles E. Lamb

Period of Project: Continuing

Problem: Ground-water sources supply about 40 percent of the total offstream fresh water used in
California. Nearly three-quarters of California’s population use ground-water for domestic supplies.
Ground-water quality and distribution are highly variable and are related to geologic influences and to
natural and manmade stresses. Monitoring of ground-water levels and chemistry is essential to the
management and development of the resource.

Objectives: Collect ground-water-level data to meet the rt:eeds for assessment of quantity, quality, and
occurrence of ground water. These data will be useful to Federal, State, and local water planners.

Approach: Water-level data recorded continuously, monthly, semiannually, and annually will be entered
into a computer data base. Standard methods of data collection will be used as described in the "National
Handbook of Recommended Methods for Water-Data Acquisition” and Water Resources Division manuals
and memorandums.

Progress: Collection and compilation of ground-water-level data continued at 999 long-term sites, 157
short-term sites, and 28 continuous-recorder wel<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>